The bimolecular decay of the hydroxymethylperoxyl radical in aqueous solution (k = 2.1 x 10 9 M _1 s _1 ) leads mainly (80%) to one molecule of hydrogen peroxid and to two molecules of formic acid.
Hydroxymethylperoxyl radicals have been found to decay via a bimolecular pathway under suitable conditions in aqueous solutions [1, 2] , but no systematic study of this process was carried out. Earlier, Russell [3] suggested that radicals of this kind can disproportionate in non polar solvents to form aldehyde, acid and oxygen (reaction (1)).
2 HOCHaOO--> CH20 + HCOOH + 02
(1)
We have now observed that the bimolecular decay of hydroxymethylperoxyl radicals in aqueous solution leads mainly (80% at room temperature) to H202 and to two molecules of formic acid (reaction (2)).
H0CH200-HCOO-+ H+ + H20(2)
The evidence for the importance of reaction (2) was obtained from the results of flash photolysis and electron pulse radiolysis experiments using conductivity as measured variable, and from the product analysis of pulse-irradiated solutions.
Flash photolysis (half width of flash: 5 ,us) of an oxygenated aqueous solution containing IO -2 M H202, 0.1 M methanol and perchloric acid (to adjust the pH to 5.1) leads to an increase of conductivity (Fig. 1) . The increase of conductivity was of second order. Pulse radiolysis of an aqueous solution saturated with N20/02 (4/1 v/v) and containing 0.1 M methanol and perchloric acid leads to a fast increase of conductivity in the course of some /us followed by a slow build-up within some ms to reach a maximum from which G(H+)max = 5.5 is calculated. Again the slow build-up of conductivity was of second order which was confirmed by kinetic analysis of the time dependence as well as from the linear plot of versus dose per 1 /xs, (dose rate range from 0.1 to 2 krad • //s _1 ). A rate constant of 2 k = 2.1 • 10 9 M _1 s _1 was obtained. From the maximum, the pulse generated conductivity decayed within some hundred ms to a constant level, that was ~ 15% smaller than the maximum showing that a stable acid with a G-value of G(acid) = 4.7 is produced. The fast increase in conductivity after the pulse is due to H+ and O^T formation from the reaction of H atoms with oxygen. The decrease of ~15% (G = 0.8) is due to the decay of H + and O^f.
Product analysis was carried out with pulse irradiated solutions (frequencies of 1 /us pulses 2-10 s _1 ) and G-values were calculated from the linear yield-dose plots in the range from 4 to 20 krad (dose rate 1 krad • /us~l). The results are presented in Table I .
The formation of the products is explained in the following way: Hydroxyl radicals are produced as primary particles in both cases, the UV photolysis of H202 and the radiolysis of water. The OH radicals abstract H atoms from methanol to give hydroxymethyl radicals which quickly add oxygen [8] thus producing the hydroxymethylperoxyl radicals within a few /zs. This sequence is generally accepted [1, 2, 4, 8] . A G-value of 5.5 was assumed for the yield of hydroxymethylperoxyl radicals in the radiolysis of N2O and O2 containing solutions.
The main products observed (Table I) are formic acid and hydrogen peroxide [9] . This provides evidence for the importance of reaction (2) .
An alternative route for the formation of acid could start from hydroxymethoxyl radicals as primary products of the bimolecular reaction of two peroxyl radicals (reaction (3)) 2 HOCHaOO-2 H0CH20-+ 02
followed by a 1,2-shift of hydrogen as postulated by Norman et al. [10] . After fast addition of oxygen and rapid elimination of H02 - [11] formic acid and H2O2 could be formed with the same G-values as in reaction (2) . However, this route is excluded because the expected G(H02") due to the latter process is 5.5, but the obtained yield of H02 -which can be attributed to this process cannot exceed 0.3 since the H02" yield generated from H atoms (G = 0.5) has to be substracted from the measured G(HOa-) = 0.8. The formation of the comparatively small amount of formaldehyde may be due to contributions of reactions (1) and (4) or a first order decay of the hydroxymethylperoxyl radicals (reaction (5)).
2 HOCHaOO-2 CH20 + 02 + H202
HOCHaOO-CH20 + H02-
The contribution of the first order reaction (5) is expected to be small due to the high dose rate used. No change in yield of formaldehyde was observed on varying the dose rate from 0.5 krad • /zs -1 to 1.5 krad • /zs -1 . The rate constant of reaction (5) was determined to be smaller than 10 s -1 at room temperature [1, 4] . Similarly, at the pH values used the base catalyzed elimination [1, 2, 4] of OJ" should be negligible. Reaction (4) can contribute only very little to the formaldehyde formation because of the low H2O2 yield.
Material balance consideration of the G-values measured (Table I , errors ± 15%) are consistent with 80% of the peroxyl radicals undergoing reaction (2) .
The rate constant for the formation of acid according to radical (2) is nearly diffusion controlled (80% of the observed overall reaction rate constant, i.e. 2 k2 = 1.7 • 10 9 M _1 s -1 ). We observed no change in the overall reaction rate when deuterated methanol (CD3OH) was used. This shows that Habstraction is not involved in the rate determining step of reaction (2) in contrast to the findings in Russel's [3] postulated reaction step (reaction (1)) and in the first order decay of similar peroxyl radicals [4] . The peroxyl radicals abstract carbonbonded H atoms with a rate constant of ~10 _1 M _1 s -1 [12] . It is therefore suggested that dimerisation of two peroxyl radicals to form a tetroxide (reaction (6) ) is the rate determining step of reaction (2).
A similar transition state composed of two five membered rings have been postulated by Bennett and Summers [13] for the decay of a part of the cyclopentylperoxyl radicals in hydrocarbons at low temperatures.
The fragmentation of the tetroxide should be associated with a deuterium kinetic isotope effect but since deuterium substitution does not influence the rate of acid formation there is no back reaction of the tetroxide and the fragmentation of the tetroxide occurs with a sufficiently large frist order rate constant. At a dose of 2 krad, tx/2 of the In the case of ethanol contribution of a reaction conductivity build-up was 70 jus. Assuming the analogous to (2) has been observed. However, due lifetime of the intermediate tetroxide in reaction 6 to side reactions material balance is more comto be at least ten times smaller a first order rate plicated. constant for the decay of the tetroxide of k > We thank Miss K. Morgenbrod for technical 1 X 10 4 s _1 is obtained.
assistance.
